The paper presents the characteristic of combustion by-products which are fly ashes from coal combustion in pulverized-fuel boilers. The results of the studies of fly ashes from the Skawina SA power plant are presented. The research was conducted to show the possibility of using fly ash for the production of modern materials such as absorbents and zeolites and geopolymer binder. Physical and chemical properties of fly ashes, their grain morphology and particle size distribution are presented in the paper. A process for the preparation of zeolites and geopolymers based on fly ash is described and the results of certain properties of these materials are presented. The study contains a series of microscopic images of the structures of zeolites and geopolymers based on fly ash.
INTRODUCTION
Fly ashes are produced in the process of producing electricity and heat by burning coal. For decades, there was no idea of their large economic (industrial) use. They were placed in the landfill. The significant increase in the use of such ashes has been done in Poland and in the world during the past several years. Research are carried out on its multi-application industrial of fly ash for many years [1] . The fly ash are largely used economically due to the significant level of their use in the construction materials industry in Poland for the production of clinker, cement, concrete [2, 3] , lightweight aggregates and building ceramics. Currently the share of ash utilization in this industry is about 55-57%. More than 30% ashes in Poland is used as a component of materials for filling underground workings in the mines in Upper Silesia. They are also used in road construction [4;5] for soil stabilization, embankments and dumps, construction of roads and dikes as well as in the paint industry [6] . Fly ash has been also applied in the production of molding [7] . The chemical and mineralogical composition of fly ash depends on the properties and composition of burned coal used in power plants. Due to the rapid cooling of the material, fly ash consists mainly of (50-90%) of the substance in the form of glassy mineral particles. The small amount of particles is in crystalline form. The most important minerals identified in the fly ash from coal are: magnetite 0.8-6.5%; hematite 1.1-2.7%; quartz 2.2-8.5%; 6.5-9.0% mullite; free calcium oxide up to 3,5%. Other minerals such as wustite, goethite, pyrite, calcite, anhydrite and periclase present in amounts of from trace to 2,5%. In terms of the composition of the oxide fly ash are particularly rich in SiO 2 , Al 2 O 3 and Fe 2 O 3 . They also contain other oxides such as CaO, MgO, MnO, TiO 2 , Na 2 O, K 2 O, SO 3 . Fragmentation of ash is usually measured by sieve analysis, and may be performed using a dry or wet process. Ash particles differ in their size and shape. There are spherical particles with rounded ( Fig. 1) , irregular or rectangular shapes [8] . Due to its pozzolanic properties, low calcium fly ash as an additive for cement mixes have a positive effect on the characteristics of concrete, such as: increased strength and chemical resistance, reduced porosity and water consumption, reduction of swelling. Because of the pozzolanic and hydraulic activity is possible to achieve a low permeability layers of ash used in geotechnical engineering and land reclamation. The largest hydraulic activity exhibit high calcium ash containing from 10 to 40% of free CaO [9] . The addition of fly ash in the concrete has a positive effect on the reduction of the diffusion coefficient and the rate of migration of chlorides [10] . Fly ashes can be successfully used as material or as an additive to mineral soil in the construction of landfill sites [9] . In many countries around the world fly ash find wider application. Fly ash are used in road construction, among other things, to the construction of asphalt pavements as a filler, concrete paving, soil stabilization, in the concrete cement and embankments made by hydromechanization, in the United States. According to the authors [11] a mixture of fly ash and ash-slag can be used in all layers of the surface structure of the site grading and embankments by the foundation to asphalt mixtures [11] . The above-mentioned application are known and used for decades. Due to its characteristics of fly ash for many years, are also used for the synthesis of zeolite [10, 11, [14] [15] [16] [17] and for the production of binder or geopolymer cements [18] [19] [20] [21] . These are relatively new materials with specific properties that are wider and wider applicated in many industries. Geopolymers apply mainly in construction and in the future may replace conventional concretes based on portland cement. Zeolites as a natural minerals have been known for centuries. However recently researchers, began to deal with the obtaining of synthetic zeolites, among others, from fly ash. This paper presents examples of the results of research into the possibility of obtaining zeolites and geopolymers from fly ash.
RESEARCH METHODOLOGY
The analysis of the particle morphology and chemical composition performed on a scanning electron microscope JEOL JSM-820 using microprobe EDS. The test specimens for SEM were sprayed with a thin layer of gold on the coater JEOL JEE-4X. Samples of fly ash to study microstructural have been previously prepared. Small amounts of ashes were dried to a constant weight and placed on a substrate providing discharge loads from the sample. Technical sodium hydroxide flakes and an aqueous sodium silicate solution of R-145 module 2.5 and a molar density of about 1.45 g/cm 3 were used to produce geopolymers. The mixture was not used distilled water -only tap water. The alkaline solution was prepared in this way that the solid sodium hydroxide was poured over an aqueous solution of sodium silicate and water. The solution was thoroughly mixed and leaved to reach homogeneity and temperature stabilization. Solid components of the mixture which is fly ash with the possible addition of sand were dry mixed, until a uniform mixture, and alkaline solution was added and thoroughly mixed. Mixing was performed in a laboratory mixer. After obtaining a homogeneous mass with the consistency of thick plastic, the mixture was transferred into molds, which were placed on the vibrating table. Prepared binders geopolymer was annealed in the oven for 24 hours at 75°C at the atmospheric pressure. After 24 hours, samples were drawn and demolding. Compressive strength tests were carried out after 28 days from the demolding of the samples. Until the test, the samples were stored at ambient temperature. Studies were also performed on the compressive strength of the geopolymer samples after exposure at 800°C for 4 h in silite laboratory oven. Heating and cooling procedure was carried out in the furnace. Alkaline activation processes -synthesis of zeolite was conducted using the fly ash from the same origin as in the case of geopolymer binder. As activator was used the sodium hydroxide NaOH (technical purity > 98%) in the form of flakes. The water used to prepare the solutions of both processes as well as filtering and washing of the obtained materials was distilled water. The processes of filtration and washing was carried out using a filter paper for qualitative analysis made from pure cellulose and cotton linter. The time of filtering was set to 10 [s] . Measured amounts of fly ash was mixed with an aqueous solution of sodium hydroxide of specified concentrations. For comparison the efficiency of the normal hydrothermal synthesis with fusion method combined with hydrothermal activation was carried out, the fly ash sintering with NaOH at a temperature of 550C for sample 1. Sintering was performed in a muffle furnace in the air and the sintering time was 4 hours. After sintering the resulting material was ground and treated hydrothermal synthesis in the same conditions as the other samples which were not sintered. The solutions was prepared as described above, were thoroughly mixed and placed in a polypropylene cylindrical vessels with a capacity of 1000 ml. The containers were sealed and placed in a drying oven at 80C. After zeolitization process samples were cooled to room temperature and then filtered to remove residual solution after activation. After filtration, the sample was washed with distilled water to obtain a pH of about 10. Typically, it consisted of 8-12 times flushing 1000 ml of distilled water. The final step of the synthesis the samples were drying at 105C. The drying time was equal to 6 hours. Measurements of porosity and specific surface area was based on the theory of multilayer adsorption Braunauer-Emmett-Teller, BET with using sorptomat -ASAP 2020 (Micromeritics).
RESEARCH MATERIAL AND RESULTS
The study used fly ashes from power plant in Skawina. The composition of the oxide and the physical and chemical properties are shown in Tables 1-3. The morphology of the powder particles is shown in Figure 2 . The fly ash particles have a smooth. spherical shape and the size does not exceed 100 microns (most of the particles have a size less than 50 microns). Unburned carbon particles were observed as components of substantially porous surface area. These particles have a size significantly larger than the particles of fly ash (usually above 200 microns). Examples of particle morphology of the unburned carbon present in the fly ash is shown in Figure 3 . Figure 4 shows the particle size distribution of fly ash used for the test. The largest share of the particles less than 56 microns was observed -about 60%. The particles greater than 100 microns are practically unburned carbon and cenosphere found in the ashes. Fly Ash -Skawina of zeolite crystals on the surface of the unreacted ash and in the form of crystalline aggregates. The apparent porosity is characteristic both for traditional concrete based on Portland cement and for geopolymers. It is the result of the entry of air to the mass of geopolymers while stirring operation and the results of the creating of gases occurring due to the reaction between the components of the ashes and activators. Due to limit the porosity which causes reduction of mechanical properties vibratory compaction of the material is used. Microstructure of geopolymer materials may differ from each other depending on many factors. Depending on the type of ashes used in their manufacture. they may differ in their degree of conversion. Clear can be seen the fly ash particles that retain their shape and do not dissolve. This happens especially when the ash particles are coated with compounds of other elements. eg. iron. There can also be seen particles of unburned coal or flue gas desulfurization products in the microstructure. Depending on the type of used filler and the aggregates. the microstructure of geopolymer may represent different grain silica or other minerals. The analysis of the chemical composition of the geopolymer binder produced on the basis of fly ash from Skawina is shown in Figure 7 . Points 3. 4 and 5 illustrates the typical geopolymer composition based on fly ash. There are mainly elements such as silicon. aluminum and sodium. Additionally there is a smaller concentration of elements such as calcium. iron and potassium. In the points of 1 and 2. we observed a structure that has not been dissolved in the process of geopolymerization. The increased ratio of aluminum to silicon and a very low concentration of alkaline substances -which shows does not react between these components and activator introduced into the mixture. The table below presents the results of the processing of fly ash in zeolite materials in the processes of hydrothermal synthesis. . Sample number 1 was further subjected to a process of fusion that is sintering of solid NaOH with fly ash. Reaction time and temperature were constant. Below in Figure 8 were presented the microstructure of materials obtained after hydrothermal synthesis processes of fly ash from power plant in Skawina. Presents the most characteristic products of the synthesis was shown. Due to the fact that the composition of the ash is very variable. Synthesis process efficiency never reaches 100% because as a result of the synthesis will often produce several different zeolites or part of the material remains unreacted. During the hydrothermal synthesis a smooth surface of fly ash particles become roughened and the surface becomes more developed due to the reaction with alkali and crystallized zeolites appear on the surface. Zeolites can also crystallized from the components as which are dissolved in solution.
Figure 8. The morphology of the zeolite products based on fly ash: a.b) sodalite; c.d.e.f.g) zeolite A and zeolite P; h) tobermorite Microphotographs in Figure 9 showed zeolite structures which were obtained under different conditions of synthesis. Table 6 shows the results of porosimetric tests of materials obtained by synthesis of fly ash. The highest value of the specific surface area has a sample number 2. With increasing molar ratio of NaOH specific surface area decreases. When using further fusing method . an increase in the specific surface area was observed compared to the sample 3, which also proceeded by hydrothermal synthesis at a concentration of 10 mol/dm 3 . BET surface area values are relatively low compared to commercial zeolites due to significant influence of impurity the ashes. Only a part of the material has reacted and the average value of the surface of the samples are low because of that. Mesoporous materials were also created as a result of synthesis. 
SUMMARY AND CONCLUSIONS
The paper presents the possibility of using fly ash from black coal combustion in pulverized state for the production of modern materials such as geopolymer binder and zeolites. The study was conducted using fly ash from Skawina Power Plant. The study results showed the usefulness of this type of ash in the manufacture of zeolites. geopolymers and mesoporous materials. Geopolymers produced on the basis of fly ash from the Skawina Power Plant for
